There are two essential components of pain: discriminative and affective. The discriminative component includes the ability to identify the stimulus as originating from somatic or visceral tissue, determine some of the physical properties of the stimulus, and localize it in space, time, and along a continuum of intensities. The affective component is the experience of aversiveness which motivates escape, avoidance, and protective behavior. Both of these components of pain were acknowledged by SIR CHARLES SHERRINGTON (1 947) and must be considered in any discussion of the neurophysiological basis of pain. The neural mechanisms subserving discrimination and affect are different and may be differentially affected by drugs or surgical procedures.
A consideration of pain mechanisms must also include the neural systems modulating pain, for it is well known that pain can be profoundly influenced by other somatic stimuli and by attentional, emotional, and cognitive factors. A thorough and detailed discussion of pain mechanisms is beyond the scope of this brief overview, but I will cover major features of the neural mechanisms currently thought to underlie the discriminative and affective dimensions of pain and the mechanisms by which pain may be modulated.
PERIPHERAL MECHANISMS
Receptors uniquely responsive to painful stimuli are found in skin, muscle and deeper tissues. These nociceptors excite afferent discharges in finely myelinated (A6) or unmyelinated (C) sensory fibers (BURGESS & PERI. 1973) . Nociceptors appear to be among the group of undifferentiated terminals lacking a specialized transducing apparatus. A structural feature distinguishing nociceptors from all other types of somatic or visceral endings has not been identified. The mechanism by which noxious stimuli activate nociceptors is not known, but chemical events are probably important links between the stimulated tissue and the receptor (KEELE 1970 , BURGESS & PERI, 1973 . Stimuli which are potentially or actually damaging to tissue may release ions or organic substances, such as histamine or specific peptides, which bind specifically to receptors on the terminal membrane, triggering the depolarization which leads to the generation of action potentials in the afferent fiber. This chemoreceptor hypothesis (LIM 1970) would explain why some nociceptors are "polymodal" and respond to any stimulus which threatens tissue integrity. Other nociceptors, however, respond only to intense mechanical or thermal stimuli, a selectivity not easily explained by chemoreceptor mechanisms.
Nociceptors have been studied by recording from the A6 and C fiber afferents of experimental animals and humans. Most A6 fierents respond to innocuous mechanical or thermal stimuli, but approximately 25 % respond only to strong mechanical (BURGESS & PERI. 1968 , PERL 1968 or thermal (IGGO 1974 , DUBNER et al. 1974 stimuli. IGGO (1974) has estimated that, in the cat, approximately 20% of dorsal root fibers are mechanical nociceptors and 30% are thermal nociceptors. GEORGO-POULOS (1976) , however, found that nearly all C fibers innervating the glabrous skin of the monkey were highthreshold mechanoreceptors and/or thermoreceptors. In addition, BESSON & PERL (1969) have identified a significant population of C polymodal nociceptors which respond to either thermal, mechanical or chemical noxious stimuli.
Some commonly experienced features of pain are at least partially explained by the physiological properties of nociceptive afferents. Noxious thermal stimuli, for example, may induce a prolonged increase in the sensitivity of polymodal nociceptors to mechanical stimuli (PERL 1976) and direct recordings from single nociceptive afferents in the human have indicated that sharp, pricking pain is associated with the activation of A6 afferents whereas C fiber discharges are accompanied by more prolonged burning sensations (TORE-B J~R K & HALLIN 1973 HALLIN , 1974 .
Nearly all sensory input from the body or viscera enters the spinal cord via fibers in the dorsal spinal roots. There is now evidence, however, that 20%-30% of the ventral root fibers in cat and man are unmyelinated (COGGESHALL et al. 1975) and that, in cat, approximately one-half of these C fibers are sensory afferents which respond to noxious cutaneous or deep stimuli similar to those which activate C polymodal nociceptors (CIJFTON et al. 1976 ). The cell bodies of these ventral root nociceptive afferents are in the dorsal root ganglion, and their axons terminate in the superficial layers of the dorsal horn (LIGHT & METZ 1979) . It is quite possible that the presence of ventral root nociceptive afferents offers a partial explanation for the frequent failure of dorsal rhizotomy to relieve pain in man. HOSOBUCHI (1980) , in fact, has recently reported that dorsal ganglionectomy has relieved pain and dysesthesia which had persisted following dorsal rhizotomy.
SPINAL MECHANISMS
Organization of the skinal cord dorsal horn As described by REXED (1952) , the spinal gray matter is divided into several cytoarchitecturally distinct regions, or laminae. Lamina I neurons are spindle-shaped cells situated along the outer rim of the dorsal horn where they receive direct input from dorsal root afferents and from neurons of the substantia gelatinosa in laminae I1 and 111. The axons of many of these lamina I neurons cross the midline to ascend in the lateral funiculus to the contralateral posterolateral thalamus. Some of these cells also project to the brainstem reticular formation. Lamina I neurons receive excitatory input from finely myelinated A6 or unmyelinated C peripheral nerve fibers and typically respond differentially or exclusively to noxious stimuli delivered within a cutaneous receptive field covering a small fraction of the surface of a limb (CHRISTENSEN & PERL 1970) .
Laminae I1 and I11 comprise the substantia gelatinosa of the dorsal horn (GOBEL 1978) . The major cell of lamina 11, the stalked cell, has short, stalk-like dendrites which extend medially and ventrally into lamina 111.
Stalk cell axons penetrate into lamina I, making multiple synaptic contacts with the projection neurons there. Relatively few neurons of laminae I1 and I11 send direct projections to the thalamus. Recent physiological studies (CERVERO et al. 1979) have shown that the majority of substantia gelatinosa neurons have a nearly continuous resting discharge rate of 5-10 Hz in the absence of stimulation applied to the receptive field. In the anesthetized cats studied by CERVERO et al. (1979) , most substantia gelatinosa cells were inhibited both by noxious and innocuous stimuli; others were selectively inhibited by either noxious or innocuous inputs. CER- VERO & IGGO (1978) have suggested that these interneurons control the responses of dorsal horn projection neurons by releasing them from tonic inhibition when the appropriate stimulus is applied. Lamina IV contains large neurons with dendrites extending into the substantia gelatinosa to receive input from substantia gelatinosa interneurons and from dorsal root afferents. Lamina IV neurons project to deeper laminae of the spinal gray and also contribute ascending axons to the dorsolateral funiculus primarily of the ipsilateral side. Very few of these cells project directly to the thalamus as determined by the analysis of the retrograde transport of horseradish peroxidase injected into the lateral or medial thalamus (WIIJX et al. 1979) . A substantial proportion of these neurons, however, project axons to the ipsilateral lateral cervical nucleus via the spinocervical tract of the dorsolateral fasciculus. Physiological studies have shown that most of these cells respond to both innocuous and noxious cutaneous stimuli, including noxious heat (BROWN & FRANZ 1969) .
In the primate, neurons of lamina V, especially those situated laterally, send axons to the contralateral ventral posterolateral thalamus. Lamina V neurons receive somatic input from both large myelinated and small myelinated and unmyelinated fibers. They characteristically have a wide dynamic range of response to somatic stimuli, showing a relatively brief, low-intensity response to light tactile or other innocuous stimuli but emitting a more rapid and prolonged discharge as stimulus intensity is increased into the noxious range (PRICE & BROW 1975) . Repetitive electrical stimulation of unmyelinated C fibers has been shown to result in a progressively enhanced and prolonged response to successive stimuli, referred to as the "windup" phenomenon (MENDELL & WALL 1964) . Lamina V neurons also respond to noxious thermal and chemical stimuli such as peripherally applied bradykinin. Visceral inputs have been shown to activate lamina V cells, but it is not known if the activation of these afferents is noxious. The convergence of visceral and somatic input onto spinothalamic neurons suggests a neurophysiologic basis for the phenomenon of referred pain in which deep or visceral pain is perceived as having a somatic or superficial source (SELZER & SPENCER 1969) .
Neurons in deeper laminae, especially VI through VIII, also contribute axons to the spinothalamic system and to ascending systems terminating in the brainstem reticular formation. The neurophysiology of lamina VI-VIII neurons is not known as well as that of cells in the dorsal spinal gray, but some of these deeper cells are known to respond primarily to activation of muscle, joint, and visceral afferents; convergence of deep and cutaneous input has also been demonstrated (FIEI.DS et al. 1977) . The receptive fields of these deeper neurons is considerably more extensive than that of lamina I-V cells and often includes more than one limb as well as ipsilateral and contralateral inputs.
In summary, anatomically and physiologically distinct groups of spinal cord neurons are capable of transmitting nociceptive information directly to the thalamus and/or brainstem. Nociceptive specific neurons are found in lamina I and neurons with a wide dynamic range, responding differentially to noxious stimuli, are located in lamina V. Neurons in the more ventral laminae VI-VIII respond to stimulation of cutaneous and non-cutaneous afferents; the effective stimuli are clearly noxious in many instances, but this is less certain in the case of non-cutaneous afferent input. Many other neurons without direct supraspinal projections may also be important for pain perception either by their action on spinothalamic neurons or possibly by activation of multisynaptic ascending pathways; the relevant anatomy and physiology of such cells, however, is not known.
Ascending spinal pathways
This subject has recently been thoroughly reviewed by DENNIS & MELZACK (1977) . They point out that no less than six spinal afferent systems have been identified as capable o f transmitting nociceptive information to the brain. The evidence implicating each of these ascending pathways in the mediation of pain sensation, however, varies considerably.
In the cat, nociceptive-specific, postsynaptic fibers have been identified in the dorsal columns (ANGAUT-PETIT 1975) . A comparable study has not been reported in the primate, but there is behavioral evidence that lesions restricted to the primate dorsal columns reduce reactivity to electric shock without, however, altering the threshold for responding (VIERCK et al. 1971) . Cats with spinal lesions sparing only the dorsal columns, however, show no evidence of feeling pain (FROMMERet al. 1977) . The evidence thus far, then, suggests that some dorsal column fibers may be necessary for normal pain reactions but are not alone sufficient for pain sensation.
The spinocervical tract, which ascends in the dorsolateral spinal cord to synapse in the lateral cervical nucleus of carnivores and primates, has been found to contain fibers which are differentially or exclusively responsive to noxious stimuli. There is evidence that this pathway also exists in man although it is less well developed compared with its prominence in other species. Lesions of the spinocervical tract have been shown not to attenuate pain responses in animals, but extensive spinal lesions which spare the dorsolateral cord also preserve pain responses at an elevated threshold (VIERCK et al. 1971) . The role of the spinocewical tract in man is completely unknown; in carnivores and subhuman primates, this pathway may contribute to pain but it does not appear to be essential.
Fibers contributing to the spinothalamic tract are found in the lateral and ventral portions of the spinal cord in both carnivore and primate. The cell bodies of spinothalamic neurons are found principally in laminae I, V, and VII-VIII. As indicated earlier in this review, neurophysiological studies have shown that each ofthese neural populations contains different proportions of neurons responding exclusively or differentially to noxious or innocuous cutaneous stimuli and, in some instances, to activation of deeper receptors in muscles, subcutaneous tissue, or viscera. Whether spinothalamic s o n s with distinct physiological characteristics are clustered within certain sectors of the spinal cord is not known. The anatomical and physiological evidence indicates, however, that several modalities other than pain are represented within the spinothalamic system. This has been most convincingly revealed in man by the demonstration of the capacity to localize light touch, feel temperature changes, and detect joint movement in a patient with a traumatic thoracic cord lesion sparing only one ventrolateral quadrant (NOORDENBOS & WAIJ. 1976). Clinical and animal behavioral studies have also shown that pain can be mediated by fibers ascending throughout much of the ventral cord, not simply the ventrolateral sector. The patient referred to above, for example, could feel deep pain bilaterally; and behavioral studies in monkeys and cats have shown that total bilateral ventral cord lesions are necessary to produce a lasting and significant loss of pain sensitivity (VIERCK & LUCK 1979) .
Finally, there is behavioral evidence that, in cat and rat, aversive reactions to noxious somatic stimuli can still be elicited following bilateral spaced hemisections of the spinal cord (BASBAUM 1973). These observations indicate that multisynaptic, short-fiber systems within the spinal cord of these species are capable of transmitting nociceptive information to higher centers which mediate pain behavior. There is no clear evidence on this point, however, in man or subhuman primates. HITCHCOCK (1970) and SCHVARCZ (1974) have reported that midline upper cervical stereotaxically placed lesions markedly reduce pain sensation over extensive bilateral portions of the entire body below the lesion, but whether this remarkable effect is due to the interruption of a medial, multisynaptic, short-fiber intraspinal system is not known. Figure 1 diagrammatically summarizes the ascending spinal and supraspinal pathways.
SUPRASPINAL MECHANISMS
In accord with the division of pain into two essential components, supraspinal structures may be viewed as mediating the discriminative aspects of pain or as subserving nondiscriminative functions such as the initiation of autonomic or complex motor responses and the aversive motivational and affective dimensions of the pain experience. The anatomy and physiology of the discriminative functions are better known than those o f the nondiscriminative systems.
MESENCEPHALON
I I cR I tract. STT neurons project directly to the posterolateral thalamus where they contact thalamocortiral neurons with axons passing to sensory cortex (CTX). SRT neurons project to medullary (MED) and mesencephalic (MES) reticular formation neurons which form a reticulo-thalamic pathway (R) to the posterior medial thalamus (THAL) and hypothalamus. These medial dienrephalic neurons have diffuse cortical connections and project to limbic system structures of the forebrain.
Descending pain suppression pathways (shown on right) may include cortical neurons projecting to the posterior lateral and medial (periventricular) thalamic cells. Midline raphe neurons in the mesencephalon and medulla form part of a system descending in the dorsolateral spinal fasciculus (DLF) to suppress nociceptive activation of dorsal horn neurons.
Discriminative systems
The ventrobasal (VB) complex ofthe dorsal thalamus (n. ventralis posterolateralis and medialis) receives input from the contralateral dorsal column nuclei, the trigeminal sensory nucleus, and the spinothalamic tract. In man, lesions within the ventrobasal thalamus produce profound deficits in somesthetic discriminative capacity, but typically fail to achieve lasting analgesia or relief from clinical pain (WHITE & SWEET 1969 CASEY 1978) . KENSHALO et al. (1980) have recently reported that an extensive search within VB of the anesthetized monkey revealed a few neurons rcsponsive primarily to noxious heat; some of these cells were found to project to the somatosensory cortex. Perhaps the activation ofa rather small population of VB nociceptive neurons provides suficient information to identify and localize noxious somatic and visceral stimuli.
The primary somatosensory cortex receiving input from VB thalamic neurons is likewise organized to process discrete temporal and somatotopic information. Neurosurgical experience with localized lesions and electrical stimulation has, as in the VB thalamus, provided little evidence that this cortical area is essential for pain (WHITE & SWEET 1969) . Perhaps the most convincing reports supporting the view that a specialized region of the human cerebral cortex is essential for normal pain perception are those presented by hf.4~- SHALL (1951) . This physician observed that some soldiers who received bullet wounds which apparently grazed the convexity of parietal cortex had marked focal deficits of pain and other somatic senses for years after the injury. There was no histological analysis of the lesions, but surgical and radiographic records clearly indicated that a very restricted portion of the cortex was damaged. Surgical attempts to relieve pain by focal extirpation of sensory cortex, however, have proved so disappointing that the procedure is almost never used. Moreover, the experience of most neurologic physicians is that pronounced somesthetic discriminative deficits may follow damage to somatosensory cortex with no alteration of pain sensitivity. Similarly, it has not been possible to demonstrate consistently lasting and specific pain deficits in animals following cortical lesions. Nonetheless, the reports of MARSHALL (1951) and the reports of occasional high threshold neurons recorded from the posterior portion of the secondary somatosensory cortex (CARRERAS & ANDERSON 1963 , WHITSEL et al. 1969 suggest that some localized cortical regions are important for the normal discrimination and identification of noxious stimuli.
Jvondiscriminative systems
The reticular formation of the medulla and midbrain receives substantial input from fibers ascending in the ventral spinal funiculi (MEHLER et al. 1960) . Numerous investigators have found reticular formation neurons, especially in the nucleus gigantocellularis (nGC) (CASEY 1969) , which are differentially responsive to noxious somatic stimuli and to visceral input such as high intensity stimulation of the splanchnic nerve (KERR & CASEY 1978) . Speculation about the functional significance of these neurons is complicated by the fact that many nGC cells respond to nonsomatic as well as somatic stimuli and are known to have both ascending projections to the thalamus and descending projections to the spinal cord. Reticulospinal neurons may modulate sensory and motor functions related to pain and pain responses. It is highly unlikely that the reticulothalamir component of the nGC projection subserves any spatial, temporal, or modality-specific discriminativc function because the reticular neurons respond to somatic stimuli delivered throughout much of the body, may respond to non-somatic stimuli, and project to the posterior hypothalamus and the medial and intralaminar thalamic nuclei which do not subserve somesthetic discriminative functions. There is evidence, nonetheless, that nGC activity is an important determinant of pain behavior since, in the awake cat, the driven activity of such neurons has been correlated with escape from somatic stimuli, localized electrical stimulation with nGC elicits escape and related pain behaviors, and nGC lesions significantly attenuate pain behavior without affecting motor responses (CASEY 1971a (CASEY , 1971b (CASEY , 1971c (CASEY , 1980 . Although all these effects could be spinally mediated, it is likely that the reticulodiencephalic projections, especially those to the hypothalamus, are necessary for the autonomic and motivational-affective components of pain. The same comments apply to the midbrain reticular formation, for neurons there also project to the medial thalamus and hypothalamus, lack the physiological properties expected of somesthetic discriminative neurons, and have been shown, by stimulation and lesion studies, to mediate pain-related behavioral responses (OLDS & OLDS 1963) . In addition, certain neurons in the medial mesencephalic reticular substance may activate descending sensory controls to modulate pain, as discussed elsewhere in this review.
Thalamic neurons differentially responsive to noxious stimuli have been recorded from the posterior nucleus (PO) and from nuclei of the medial and intralaminar thalamus in cat and monkey (POCClo & MOUN.I'CASTI.E 1960 , CASEY 1966 , DONG et al. 1979 . The receptive fields of these cells, and of those responding to innocuous stimuli, are large and often bilateral, suggesting that these thalamic nuclei play little or no role in discriminative processes. Lesions involving the PO and intralaminar region, however, have been reported to relieve intractable pain in man (HASSLER 1960 , MARK et al. 1963 , SANO 1967 and markedly attenuate pain responses in cats (MITCHELL & KAELBER 1966) . In the patients, there is no apparent loss of discriminative capacity, so the effect has been attributed to a loss of the affective component of pain. The observations of KEENE (1973) support this speculation. He found that the discharge of neurons recorded from the rat intralaminar thalamus was decreased for several seconds by brief electrical stimulation of "reward" sites in the medial forebrain bundle, but showed prolonged increases following similar stimulation at behaviorally aversive sites in the midbrain reticular formation. Nonetheless, it would not be appropriate to designate medial or intralaminar thalamic neurons as exclusively concerned with some aspect of pain because many of these neurons receive input from other sensory modalities and from motor systems such as the striatum and cerebellum. Perhaps neurons in this part of the diencephalon also mediate specific motor response patterns associated with highly arousing stimuli.
The effect of small lesions within the cingulum bundle or in posteromedial frontal white matter provides additional evidence that a critical, nondiscriminative component of pain is mediated by structures outside established somatovisceral pathways. Cingulumotomy or frontal leukotomy have been shown to provide very effective relief from intractable pain in man (KERR & CASEY 1978 , WHITE & SWEET 1969 , FOLTZ & WHITE 1962 . According to SWEET (KERR & CASEY 1978) , postoperative changes in affect, emotional spontaneity, and other aspects ofpersonality can be avoided by the proper stereotaxic placement of small lesions. The patient's discriminative capacity is preserved, but the affective tone associated with chronic pain is markedly diminished or absent. Since both these procedures interrupt connections within the limbic lobe of the forebrain, the results emphasize the critical role of the limbic system in the mediation of the affective-motivational component of pain. Figure 1 diagrammatically summarizes the descending pathways currently thought to modulate pain.
THE MODULATION OF PAIN

Afferent mechanisms
Complex interneuronal interactions within the spinal cord dorsal horn on trigeminal sensory nucleus provide the basis for the modulation of pain by afferent fibers. In the gate control hypothesis advanced by MELZACK & WAIL (1 965 shown that both A and C fibers can attenuate the excitatory effects of afferent volleys. In any case, there is general agreement that the excitability of dorsal horn or trigeminal nucleus neurons projecting to the brain is not simply determined by the intensity of nociceptive afferent discharge, but is strongly influenced by ongoing activity in other sensory afferents serving the same or adjacent spinal segments. These afferents excite dorsal horn neurons, such as those within the substantia gelatinosa (CERVERO et al. 1979) , which can act presynaptically or post-synaptically to attenuate, or possibly enhance, the discharge of other spinal sensory cells projecting to the brain or brain stem. The most common, and perhaps the most convincing, evidence that stimulation of cutaneous afferents can strongly influence ongoing cutaneous sensation is that scratching relieves itching. Sometimes, pain may also be partly relieved by activating cutaneous afferents by natural or electrical stimulation.
Central mechanisms
It has been shown in animals that electrical stimulation within certain parts of the CNS can produce an analgesia which typically outlasts the duration of stimulation. Stimulation-produced analgesia (SPA) has been most consistently demonstrated by stimulation within the midline raphe nuclei of the brain stem, a group of serotonin-containing neurons extending from the mesencephalon through the medulla ( LIEBESKIND 1976). The axons of medullary raphe cells descend in the dorsolateral fasciculus (DLF) to terminate in the dorsal horn where they markedly attenuate the response of spinothalamic and other dorsal horn cells to noxious stimuli. Surgical section of the DLF eliminates this suppressive effect and prevents the analgesic effect induced by stimulating the medullary raphe (BASB.ALIM et al. 1976) . Some experiments have suggested that the cerebral cortex may also participate in this system.
The mechanisms underlying SPA appear to be closely related to the analgesia produced by morphine in experimental animals. Raphe system lesions, DLF lesions and blockage of the synthesis of serotonin within raphe neurons all reduce the analgesic effect of morphine and SPA. Furthermore, naloxone reverses the analgesia of both morphine and SPA, and repeated exposure to SPA or morphine results in the development of tolerance to either agent (MAYER & PRICE 1976). The possible activation of an active and specific painsuppression mechanism by morphine suggested that there may be endogenous opiate-like substances in the brain which are important for the normal, physiological operation of this system. Recent work has, in fact, supported this hypothesis. Radioactive labeling of opiate agonists reveals the presence of opiate receptors in the brain (PERT & SNYDER 1973) . The opiate receptors are found at several CNS sites, but the binding with opiate agonists is most dense in portions of the limbic system, medial thalamus and the periaqueductal gray of the midbrain (KUHAR et al. 1973 ). In the spinal cord, opiate receptors occur in the substantia gelatinosa ofthe dorsal horn where a significant proportion seem to be located on the membranes of primary afferent terminals (LAMOTTE et al. 1976) .
The discovery of opiate receptors in the CNS was followed by the finding that the mammalian brain synthesizes small peptides with opiate-like pharmacologic properties ). There are two pentapeptides (composed of five amino acids), called enkephalins, which have a CNS distribution similar to that of the opiate receptors. The amino acid sequence of each peptide is identical, except that metenkephalin has methionine in the terminal position where leu-enkephalin has leucine. Both met-and leu-enkephalin are derived from the intraneuronal ribosomal synthesis of a precursor protein which is then subjected to proteolytic cleavage by specific enzymes to form the smaller pentapeptides. The type of opioid peptide contained in a neuron appears to depend on the type of cleavage enzyme available. In the brain, there are met-enkephalin-and leu-enkephalin-containing neurons; in the hypothalamopituitary system, it seems that the same (or very similar) precursor protein is cleaved into corticotropin, or P-lipotropin, or a larger opioid peptide, (3 endorphin, in different neurons (GOI~DSTEIN 1976) .
The enkephalins are released from the terminals of short-axon interneurons to act as neuromodulators or perhaps as neurotransmitters to modulate synaptic transmission between neurons mediating pain (KOSTER-1.1~1, & HUGHES 1975) . Both met-enkephalin and leuenkephalin are released from brain slices and from isolated synaptic endings (synaptosomes) by potassium ions, veratridine and electrical stimulation; this release is enhanced by calcium and is blocked by lack of calcium and by tetrodotoxin, consistent with the expected effects on normal synaptic release mechanisms. In the brain, enkephalin-containing nerve processes and endings have been identified by immunohistochemical methods. The release of enkephalin from these endings is likely to have powerful effects on synaptic transmission since, like morphine, met-enkephalin has been shown to inhibit cholinergic, adrenergic and dopaminergic transmission. The enkephalins also may inhibit the release ofanother peptide, substance P, which is found in the terminals of sensory afferents in the dorsal horn of the spinal cord and in the trigeminal nucleus ( H~K F E L T~~ al. 1975) . A major problem is to demonstrate both the normal physiological mechanisms of activation of the proposed pain-suppression system and the behavioral states in which such activation occurs. There is little evidence, for example, that the administration of the opiate antagonist naloxone has any effect on the pain threshold of normal humans or experimental animals. This may indicate that the enkephalinergic pain attenuation mechanisms are not tonically active, but are brought into play only under special circumstances. If future research reveals more about the normal activation of enkephalin-mediated pain suppression, perhaps we will be able to develop more effective means of controlling pain where current methods are unsatisfactory.
